Quorum-Quenching Acylase Reduces the Virulence of Pseudomonas aeruginosa in a Caenorhabditis elegans Infection Model by Papaioannou, Evelina et al.
  Published Ahead of Print 31 August 2009. 
10.1128/AAC.00380-09. 
2009, 53(11):4891. DOI:Antimicrob. Agents Chemother. 
Gudrun Koch, Rita Setroikromo and Wim J. Quax
Evelina Papaioannou, Mariana Wahjudi, Pol Nadal-Jimenez,
 
 Infection Model Caenorhabditis elegans
 in aPseudomonas aeruginosaVirulence of 
Quorum-Quenching Acylase Reduces the
http://aac.asm.org/content/53/11/4891
Updated information and services can be found at: 
These include:
REFERENCES
http://aac.asm.org/content/53/11/4891#ref-list-1at: 
This article cites 22 articles, 11 of which can be accessed free
CONTENT ALERTS
 more»articles cite this article), 
Receive: RSS Feeds, eTOCs, free email alerts (when new
http://journals.asm.org/site/misc/reprints.xhtmlInformation about commercial reprint orders: 
http://journals.asm.org/site/subscriptions/To subscribe to to another ASM Journal go to: 
 o
n
 Septem
ber 25, 2014 by guest
http://aac.asm
.org/
D
ow
nloaded from
 
 o
n
 Septem
ber 25, 2014 by guest
http://aac.asm
.org/
D
ow
nloaded from
 
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Nov. 2009, p. 4891–4897 Vol. 53, No. 11
0066-4804/09/$12.00 doi:10.1128/AAC.00380-09
Copyright © 2009, American Society for Microbiology. All Rights Reserved.
Quorum-Quenching Acylase Reduces the Virulence of
Pseudomonas aeruginosa in a Caenorhabditis elegans
Infection Model
Evelina Papaioannou,1 Mariana Wahjudi,1,2 Pol Nadal-Jimenez,1 Gudrun Koch,1
Rita Setroikromo,1 and Wim J. Quax1*
Department of Pharmaceutical Biology, University of Groningen, 9713AV Groningen, The Netherlands,1 and Faculty of
Pharmacy and Faculty of Technobiology, University of Surabaya, Surabaya, Indonesia2
Received 20 March 2009/Returned for modification 7 August 2009/Accepted 22 August 2009
The Pseudomonas aeruginosa PAO1 gene pvdQ encodes an acyl-homoserine lactone (AHL) acylase capable of
degrading N-(3-oxododecanoyl)-L-homoserine lactone by cleaving the AHL amide. PvdQ has been proven to
function as a quorum quencher in vitro in a number of phenotypic assays. To address the question of whether
PvdQ also shows quorum-quenching properties in vivo, an infection model based on the nematode Caenorhabditis
elegans was explored. In a fast-acting paralysis assay, strain PAO1(pMEpvdQ), which overproduces PvdQ, was
shown to be less virulent than the wild-type strain. More than 75% of the nematodes exposed to
PAO1(pMEpvdQ) survived and continued to grow when using this strain as a food source. Interestingly, in a
slow-killing assay monitoring the survival of the nematodes throughout a 4-day course, strain PAO1-pvdQ
was shown to be more virulent than the wild-type strain, confirming the role of PvdQ as a virulence-reducing
agent. It was observed that larval stage 1 (L1) to L3-stage larvae benefit much more from protection by PvdQ
than L4 worms. Finally, purified PvdQ protein was added to C. elegans worms infected with wild-type PAO1,
and this resulted in reduced pathogenicity and increased the life span of the nematodes. From our observations
we can conclude that PvdQ might be a strong candidate for antibacterial therapy against Pseudomonas
infections.
Pseudomonas aeruginosa is an opportunistic gram-negative
pathogen of vertebrates and a primary pathogen of insects
(17). It mainly infects individuals who are immunocompro-
mised, such as human immunodeficiency virus-infected pa-
tients, as well as those who have cystic fibrosis. In addition,
those having disruptions in normal barriers caused by severe
burns or indwelling medical devices are at risk. Hospital-ac-
quired P. aeruginosa pneumonias and septicemias are fre-
quently lethal (2, 3). To facilitate the establishment of infec-
tion, P. aeruginosa produces an impressive array of both
cell-associated and extracellular virulence factors, such as pro-
teases and phospholipases, and also small molecules, including
rhamnolipid, phenazines, and cyanide (17). Expression of
many of the extracellular factors is cell density controlled, does
not occur until the late logarithmic phase of growth, and is
mediated through specific quorum-sensing signal molecules
(23). Two of these molecules, N-butanoyl-L-homoserine lac-
tone (C4-HSL) and N-(3-oxododecanoyl)-L-homoserine lac-
tone (3-oxo-C12-HSL), have been studied in great detail. In
our laboratory, we previously demonstrated that PA2385(pvdQ)
from P. aeruginosa PAO1 encodes an acyl-homoserine lactone
(AHL) acylase. Analysis of the gene product showed that the
posttranslational processing of the acylase as well as the hy-
drolysis reaction type are similar to those of the beta-lactam
acylases, strongly suggesting that the PvdQ protein is a mem-
ber of the N-terminal nucleophile hydrolase superfamily. The
main AHL signaling molecule of P. aeruginosa PAO1, 3-oxo-
C12-HSL, is degraded by PvdQ (16). Addition of the purified
protein to PAO1 cultures completely inhibited accumulation
of 3-oxo-C12-HSL and production of the signal molecule
2-heptyl-3-hydroxy-4(1H)-quinolone and reduced production
of the virulence factors elastase and pyocyanin. Similar results
were obtained when pvdQ was overexpressed in P. aeruginosa
(16). These results demonstrate that this protein has in situ
quorum-quenching activity. This AHL acylase may enable P.
aeruginosa PAO1 to modulate its own quorum-sensing-depen-
dent pathogenic potential and, moreover, offers possibilities
for novel antipseudomonal therapies.
To test our hypothesis that PvdQ can exert its beneficial
functions also in vivo, we chose to study its effect on the
infection of the nematode Caenorhabditis elegans. This model
has been used before in multiple pathogenicity studies of Cryp-
tococcus neoformans (13) and gram-positive (6) and gram-
negative (9, 10, 11) bacteria. Infection with P. aeruginosa strain
PA14 was found to result in fast (hours) or slow (days) killing,
depending on the growth medium used (19, 20). When Darby
and colleagues (2) used the system to study P. aeruginosa
PAO1, a lethal paralysis of the worms was observed, indicating
another mechanism by which P. aeruginosa can kill C. elegans.
It was shown that quorum-sensing-dependent hydrogen cya-
nide production on rich medium by P. aeruginosa PAO1 is the
causative agent for the fast paralysis (5). Under the same
conditions, an attenuation of paralysis by an AHL acylase from
Ralstonia sp. strain XJ12B upon expression in P. aeruginosa
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